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The Cost of Not Wearing Seat Belts
A Comparison of Outcome in 3396 Patients
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Data from the North Carolina Trauma Registry were analyzed to determine the effect of seat belt
usage on outcome in motor vehicle accidents. Of 6237 persons involved in motor vehicle
accidents, data on seat belt usage were available for 3396. Of these, 1916 were not and 1480
were wearing seat belts. The mean hospital charge in belted patients was $10,500 +/- $18,200;
and in unbelted patients, $15,250 +/- $26,300 (p < 0.001). The total hospital charges were
$23 million for the 1508 patients not wearing seat belts. If the unbelted patients had outcomes
similar to belted patients, the charges resulting from caring for the 1508 patients would have
been $15.8 million, a potential savings of $7.2 million. There were 135 deaths among the
unbelted patients (7.0%) and 47 deaths among the belted patients (3.2%) (p < 0.001). A similar
projection of belted outcome for unbelted patients suggests that seat belt usage could have
reduced the unbelted mortality rate by over one half. Patients wearing seat belts also had
significantly shorter hospital stays, fewer days in the intensive care unit, and fewer days on the
ventilator (p < 0.001). Seat belt usage is associated with a significant decrease in mortality rate,
hospital charges, length of stay, intensive care unit stay, and ventilator requirements. Seat belts
could have saved at least 74 lives and 7.2 million dollars during the period from October 1, 1987
to July 1, 1989 in patients seen in the seven trauma centers in North Carolina.

Motor vehicle crashes cause nearly 45,000 deaths and
more than 3.2 million injuries each year.' Although seat
belts are known to decrease the morbidity and mortality
rates of motor vehicle crashes,2'3 the use of seat belts re-
mains far from universal. This is demonstrated by the
fact that the use of seat belts by drivers in North Caro-
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lina, 1 year after passage of a mandatory seat belt law,
was only 64%.4
The purpose of this study was to review data from the

North Carolina Trauma Registry (NCTR), a cooperative
group of the eight trauma centers in North Carolina, in
order to analyze the association of seat belt use and pa-
tient outcome. Our hypothesis was that unbelted pa-
tients have more severe injuries, have a higher mortality
rate, and use more health care resources. The character-
ization of the increased hospital charges, injury severity,
and mortality rate can be useful to further public health
measures aimed at reducing the morbidity rate, mortal-
ity rate, and costs of motor vehicle crashes.
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METHODS
A cooperative effort in North Carolina among the

eight designated trauma center hospitals, the four medi-
cal schools, the North Carolina Department of Human
Resources, the North Carolina Governor's Highway
Safety Committee, and the Office ofEmergency Medical
Services has resulted in the formation ofthe North Caro-
lina Trauma Registry.'
The North Carolina Trauma Registry (NCTR) is a da-

tabase system that includes all eight designated level I
and level II trauma centers in North Carolina: Charlotte
Memorial Hospital, Duke University Medical Center,
Moses Cone Memorial Hospital, North Carolina Baptist
Hospital, University of North Carolina Hospitals (for-
merly North Carolina Memorial Hospital), New Han-
over Memorial Hospital, Pitt County Memorial Hospi-
tal, and Wake Medical Center. Data collection began on
October 1, 1987, and as of July 1, 1989 data have been
entered on 16,436 trauma patients.
The NCTR includes all patients admitted to the hospi-

tal for at least 1 day, as well as all patients declared dead
in the emergency department. Data on trauma patients
were entered into a database using a microcomputer at
each hospital, and at intervals these data were sent to the
central collection agency at the University ofNorth Car-
olina at Chapel Hill. Data were validated on entry by the
trauma registrar and the physician staff at each hospital.
Trauma patients included in the NCTR were defined as
patients with the International Classification of Diseases
Supplementary Classification of Diagnosis (ICD-9-CM)
codes between 800 and 959.9. Abbreviated Injury Scale
(AIS) and Injury Severity Scores (ISS) were derived from
the patient's ICD-9 Diagnosis Codes using the method
developed by Ellen MacKenzie.6

This study was limited to patients admitted after auto-
mobile crashes forwhom seat belt use data was available.
Two distinct populations, belted patients and unbelted
patients, were then compared using chi squared tests for
categorical data and Student's t tests for continuous
data. Statistical analysis was completed on a microcom-
puter using SAS Institute software (SAS).

RESULTS
Of 16,436 patients included in the NCTR, 15,989 had

ICD-9-CM Etiology Codes, providing information on
the cause of the injury. Of this group, 6,237 (40.9%) of
these were caused by motor vehicle crashes. Seat belt
data were available for 3396 (54.4%). Of the group with
seat belt information, 1480 (43.6%) were reported as
wearing seat belts and 1916 (56.4%) were reported as not
wearing seat belts. Table 1 provides a summary of the
variables studied for belted versus unbelted patients.

Demographics of Seat Belt Use (Age,
Race, Day, and Time of Admission)
The average age of the 1916 unbelted patients was

30.3 ± 16.7 years. The average age of the 1480 belted
patients was 36.9 ± 18.8 (p < 0.0001). The largest num-
bers of crash victims were aged 10 to 39 years. These
patients also had the lowest rate of seat belt use (range,
28% to 54%). Patients older than age 50 used their belts
more often (range, 41% to 72%). White women older
than age 50 were most likely to wear belts (range, 62% to
72%) whereas white men ages 10 to 29 were least likely to
wear belts (range, 28% to 29%). On the whole, women
had higher seat belt usage rates than men, 50.2% to
39.3%, respectively.
Unbelted patients were more likely to be involved in

crashes that occurred on weekends (Friday, Saturday, or
Sunday), and in crashes that occurred at night (between
7:00 P.M. and 7:00 A.M.).

Alcohol

Ofthe 1916 unbelted motor vehicle crash victims, 406
(21.2%) had blood alcohol levels ofgreater than 100 mg/
dL. The mean alcohol level (mg/dL) of those who were
not belted and had been drinking was 157 ± 93. Of the
1480 belted patients, 130 (8.8%) had alcohol levels
greater than 100. The mean alcohol level of those who
were belted and had been drinking was 136 ± 86 (p
= 0.0057). Table 2 summarizes those data.

Injury Severity
Scene Trauma Scores were available in 1099 patients

(643 unbelted and 456 belted). The mean trauma score
at the scene in unbelted patients was 13.2 ± 3.5 as com-
pared with 14.6 ± 2.4 in belted patients (p < 0.0001).
Emergency Department (ED) Trauma Scores were avail-
able in 2936 patients. The mean ED trauma score of
those not wearing seat belts was 14.0 ± 3.3, and in those
wearing seat belts the trauma score was 15.1 ± 2.15 (p
< 0.0001). The mean Glasgow Coma Scale of those not
wearing seat belts was significantly worse in unbelted
patients (12.7 versus 14.0 ± 2.7; p < 0.0001). The num-
ber ofunits ofblood transfused within 24 hours ofinjury
was greater in unbelted patients (1.6 ± 4.2 in unbelted
versus 1.2 ± 3.1 in belted patients; p = 0.03).
Abbreviated Injury Scale (AIS) for each body system

and Injury Severity Score (ISS) were computed as de-
rived from the patient's final ICD-9 Diagnosis Codes us-
ing the method ofMacKenzie et al.6 Analysis ofthe inci-
dence ofhead injury as calculated by AIS scoring showed
that 44.5% of unbelted patients had some form of head
injury, as compared with 32.9% of those wearing seat
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With Seat Belt

Category

Age
Scene trauma score
Emergency department

trauma score
Revised trauma score
Blood pressure
Glasgow coma scale
Hematocrit
Units of blood transfused
Ethanol (mg/dL)
AIS

Face
Head/neck
Soft tissue
Chest
Abdomen
Extremities

ISS
Ventilator (days)
Intensive care unit
Hospital (Days)
Hospital charges ($)

Mean

36.9
14.6

15.1
11.6

127
14.0
38.7
1.2

136

0.31
0.9
0.48
0.88
0.47
1.07

10.6
2.0
3.5

10.5
$10,500

Without Seat Belt

SD

18.8
2.4

2.15
1.18

28
2.7
6.0
3.1

86

0.75
1.43
0.58
1.34
1.03
1.24
8.62
6.9
7.2

15.3
$18,200

Mean

30.3
13.2

14.0
11.4

123.6
12.7
38.5
1.6

157

0.34
1.36
0.51
0.87
0.43
1.09

12.9
3.2
5.1

13.2
$15,250

16.7
3.5

3.3
1.51

28
3.9
6.8
4.2

93

0.71
1.7
0.63
1.39
1.01
1.255

10.85
7.6
9.3

19.4
$26,300

SD, standard deviation; AIS, abbreviated injury scale; ISS, injury severity scale.

belts (p < 0.001). The mean AIS score for head and neck
injuries was 1.36 ± 1.7 for those without seat belts as

compared with 0.9 ± 1.43 in those wearing seat belts (p
< 0.0001). There was no significant difference in the AIS
scores for the other body systems in the belted and un-

belted groups. The mean ISS for those not wearing seat
belts was 12.9 ± 10.85 and 10.6 ± 8.62 in belted patients
(p < 0.0001).

Intensive Care Unit, Hospital Stay, and
Hospital Disposition
The mean number ofdays on a ventilator, mean num-

ber of days in the Intensive Care Unit (ICU), and mean

Average
Etoh

(mg/dL)

No. of Pa

Alcohol
> 0

Unbelted (1916) 157 569 (29.7%) 16
Belted (1480) 136 214 (14.5%) 8

Etoh, ethanol.

number of days in the hospital were compared. The
mean number of days on a ventilator in those not wear-

ing seat belts was 3.2 ± 7.6 as compared with 2.0 ± 6.9 in
those wearing seat belts (p = 0.0028). The mean number
of ICU days was 5.1 ± 9.3 in those not wearing seat belts
and 3.5 ± 7.2 in those wearing seat belts (p < 0.0001).
Length of total hospital stay was available for 2923 pa-

tients. The mean hospital stay for unbelted patients was
13.2 days ± 19.4 compared with 10.5 days ± 15.3 in
those wearing seat belts (p = 0.0001).
The number ofbelted patients requiring rehabilitation

facilities (3.5%), was significantly less than in the un-

belted group (6.9%) (p < 0.001). Only 68% of the un-

belted patients were discharged home compared with
77% of the belted patients (p < 0.001).

Insurance

Btients (% of n) Insurance information was available for 3245 patients

(96%), 1826 unbelted and 1419 belted. Of the 1826 un-

Etoh 100 belted patients, 746 (41%) had no insurance, 577 (32%)
< 100 < Etoh held commercial policies, 228 (13%) were insured by

Blue Cross Blue Shield, 111 (6%) were insured by Medi-
(85.%) 406 (2182%) care, and 60 (3%) were insured through Medicaid. In the

belted group, 397 (29%) were not insured, 478 (35%)
held commercial policies, 214 (16%) were insured by

SD p

<0.0001
<0.0001

<0.0001
0.0065
0.005

<0.0001
0.299
0.0317
0.0057

0.33
<0.0001
0.0904
0.94
0.33
0.67

<0.0001
0.0028

<0.0001
0.0001

<0.0001

.;:; :.:.:::;!.; :: :::: .:,... X.:
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Blue Cross Blue Shield, 157 (11%) were insured through
Medicare, and 42 (3%) were insured through Medicaid.
Significantly more unbelted patients are uninsured
(4 1 %) than belted (29%) (p < 0.001).

Financial Charges
The mean hospital charge, not including professional

fees, for patients wearing seat belts was $10,500
± $18,200 compared with $15,250 ± $26,300 for those
not wearing seat belts, a difference of $4750 (p
< 0.0001). The total cost to care for the 1206 belted
patients with available charge data was $12.7 million.
The total cost to care for the 1508 patients who did not
wear seat belts was $22.99 million.

Mortality Rate
There were 47 deaths in 1480 patients (3.2%) who

wore seat belts and 135 deaths in 1916 patients (7.0%)
not wearing seat belts (p < 0.001).

DISCUSSION
The purpose ofthis study was to describe the outcome

of motor vehicle crashes in belted and unbelted patients
entered into the North Carolina Trauma Registry for
whom seat belt data was available. This database repre-
sents trauma admissions to all level I and level II Trauma
Centers in North Carolina. The North Carolina Trauma
Registry is not a population-based registry and, as others
have emphasized, cannot be used to draw conclusion
about all seat belt users in this state.78 There are many
problems using data derived from trauma centers. The
data may not be representative of North Carolina as a
whole for a number of reasons. The eight trauma centers
making up the Trauma Registry are major referral
centers for large areas ofthe state and therefore see many
ofthe most severely injured patients. Most ofthe trauma
centers are also located in urban areas. The large,
sparsely populated, western part of the state is under-
represented because there is no major designated trauma
center in that area. The mortality rate is typically higher
in areas with low population density.9
There are also biases present as a result ofthe selection

criteria used to determine which patients will have data
entered into the registry. For example, victims that die at
the scene do not reach the emergency department and
are not included in the registry. Also, because the
Trauma Registry contains only patients admitted for
more than 24 hours, those patients who are minimally

injured, treated in the emergency department, and then
released, are not included in the database.
Another important feature is that the NCTR works in

a production environment to address a variety of objec-
tives: (1) provide monitoring of care, (2) estimate costs,
(3) determine manpower needs, (4) define variables on
which mortality and morbidity rates depend, (5) deter-
mine risk factors for accidental events, (6) provide qual-
ity assurance information for the hospital trauma sys-
tem, and (7) produce resource utilization information.
Our data are collected from patient reports and medical
records, and studies have shown that patients may not
always be truthful about their use of belts.'0 Despite
these limitations, the NCTR provides a valuable data-
base for analysis of information on injured patients and
their outcome.
Motor vehicle passenger death and injury are reduced

by the use of seat belts."'"2 At least 37 countries have a
collective experience with seat belt use laws. With the
exception of Great Britain, where compliance rates are
about 95%, the usual pattern involves considerable in-
crease in belt use with passage ofmandatory restraint law
followed by a gradual decrease with increases during en-
forcement activity. Rates of death and injury are re-
duced after law enforcement ofbelt use.'3"4 A number of
recent articles elaborate experience with seat belt legisla-
tion.'5 In North Carolina, projections of 1,100 severe or
fatal injuries saved per year were attributed to the seat
belt law, where use rose to 78% and remained in the 60%
to 65% range.'6 Orsay et al.'7 in Chicago and Bernstein et
al.'8 in Albuquerque assessed seat belt law impact on
specific injury demographics, including patterns, injury
severity, and cost from emergency department data-
bases. 17"18
The outcome of drivers in motor vehicle crashes can-

not be compared on the basis ofone variable alone, such
as seat belt use. The analysis should be multivariate so as
to uncover the relative contributions of several possible
variables on the outcome measured. These confounding
variables such as age ofthe patient, speed, and type ofthe
crash may offset the outcome in either a positive or nega-
tive way. Most important is the fact that the severity of
the crash modifies the severity of the injury. The un-
belted driver is more likely to be younger, male, and
drinking. Our data show that the unbelted patient is
more likely to be injured in crashes that occur at night or
on weekends. Other studies show that the unbelted
driver is more likely to be involved in a high-speed
crash.'9 Each of these variables could modify the out-
come of the crash and the occupants' injuries. Unfortu-
nately, the NCTR does not have data on the severity of
the crash, so such an analysis controlling for the serious-
ness and the type of crash was not possible.
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Demographics of Seat Belt Usage (Age,
Race, Day, and Time of Admission)

This study demonstrates, as have others, that patients
younger than age 39 are less likely to be belted. This age

group also makes up the largest portion of the injured.
Prevention should be directed actively at the individuals
younger than age 39, for it is this group that makes up the
majority of motor vehicle trauma and is least likely to
wear seat belts. White women older than age 50 were

most likely to wear seat belts (range, 62% to 72%)
whereas white men ages 10 to 29 were least likely to wear
belts (range, 28% to 29%). On the whole, women had
higher seat belt usage rates than men, 50.2% to 39.3%,
respectively.

Alcohol

Alcohol remains an important cause of all motor vehi-
cle crashes. Unbelted patients were more likely to be in-
toxicated than belted patients (29% versus 14%). Mean
blood alcohol values were significantly higher in un-

belted patients (p = 0.0057). Twenty-one per cent of un-
belted patients had a blood alcohol level greater than 100
mg/dL compared with only 8.8% of the belted. Even in
belted patients, a significant proportion of crashes
(14.5%) are related to alcohol (Table 2).

Injury Severity

The scene and emergency department trauma scores,

and the Glasgow Coma Scale were all significantly lower
for the unbelted patients, demonstrating the increased
severity of injury in unbelted patients. An important
piece of information missing from our data is the nature
and seriousness of the crash. Because we know that un-

belted occupants are involved in more serious crashes,
this precludes us from concluding that seat belts alone
cause this increased severity of injury. Head injury was

more common and more severe in unbelted drivers. This
is important because head injury is the one of the major
killers of trauma patients. ISS scores were higher in un-

belted patients primarily because of the increased sever-

ity and frequency of head injury. Seat belt use was not
associated with a significantly decreased severity of in-
jury in other body systems.20

Intensive Care Unit, Hospital Stay, and
Hospital Disposition
Unbelted victims spent significantly more days on

ventilators, more days in the ICU, and more total days in
the hospital. A significantly higher percentage of un-

belted patients are transferred to rehabilitation facilities.

The NCTR database does not collect long-term follow-
up data, but postinjury rehabilitation hospital care is ex-
pensive, and this adds to the human and financial loss
associated with not wearing seat belts.

Insurance
Forty-one per cent unbelted as opposed to 29% belted

victims have no source of insurance. This represents a
major nonreimbursable cost for which the health care
system and society is liable. This also puts a proportion-
ally greater financial strain on trauma centers, because
they treat more seriously ill patients and more uninsured
patients. Disability is significantly more severe in un-
belted patients, which implies that the long-term costs
from the loss ofwork will be greater in unbelted patients.

Financial Charges
The total hospital charges in these two groups of pa-

tients represent huge societal expenditures. Unbelted
drivers had mean hospital charges that were 50% higher
than belted patients. The total charges for unbelted pa-
tients were $23.0 million versus $12.7 million for belted
patients. Again, because the severity ofthe crashes in the
two groups is unknown, we cannot compare the charges
in the two groups. Nevertheless, if the unbelted patients
had been wearing seat belts and ifthey had incurred hos-
pital charges similar to those of belted patients, seat belt
usage could have resulted in a savings of $7.2 million in
these eight hospitals over a period of 21 months. If we
extend this projection to the total number of patients
involved in motor vehicle crashes (6237 patients), the
projected total hospital charges for unbelted patients
drops from a total of $53.6 million to $36.97 million, a
potential savings of$16.7 million. The projected savings
of $16.7 million, if the unbelted had been belted for this
21-month period in the eight participating trauma
centers, is staggering. Even this large figure understates
the resource savings. Although many groups argue
against enforcing seat belt laws because of the issue of
personal freedom, it can be demonstrated here that there
is a huge cost to society by allowing this freedom.2'

Mortality
The mortality rate was significantly higher in unbelted

patients (7.05%) than in belted (3.18%). Other studies
have shown reductions of9% in motor vehicle fatality.22
Given the same caveats as stated above, we estimated
that if the unbelted patients had been wearing seat belts,
and if this had in turn resulted in a mortality rate similar
to the belted group, 74 lives might have been saved in a
21-month period.
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CONCLUSION
Although wearing seat belts should be an obvious and

universally employed method to decrease the morbidity
and mortality risk of motor vehicle crashes, it remains
underused. The purpose ofthis study was to analyze data
from the North Carolina Trauma Registry to character-
ize the outcome of belted and unbelted patients after
motor vehicle crashes. We confirmed the association of
seat belt use with a decreased severity of injuries, a de-
creased mortality rate, and a decreased utilization ofhos-
pital resources. As others have shown, our data demon-
strate that use of seat belts is associated with a marked
reduction in the morbidity and mortality rates of asso-
ciated motor vehicle trauma.
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